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THERMAL POLYMERIZATION OF STYRENE Lfnger indluction Periods were noticed at higher concentrations of
IN T E P ESEN E O ST BLE ADIALSTEMPO which acts as an inhibitor, by scavenging radicals thermally formed

INTHE PRESE NCE IOF ITABER ADC L uintil their t9=1 cons5ump~tion. Then5. polymrization~ starts after different
AND NHIBTORSinduction perod with rawe als influenced by die amount of chains capped

Danih Mxareand rzyzlofMaquzcwid*by alkoayammines.
Daa~elaMadm an Krysaof MtyjszesldDependence of molecular weights (Mn) on conversion is almost

CarngieMelln Uiveritylinear, the highest values ame observed at the lowest concentrations of
Dearnmege Mlon Utuernsity TEMPO [Fig. 2, (0)1.

4400 Fifth Avenue 1.0 10
Pittsburgh, PA, 15213

8.0 11? . 2 . .. . .......
Introduction

Radical polymerization usually proceeds with slow initiation6. 0
producing a low stationary concentration of growing radicals, fast

ppaaonwith moderate regioselectivity and low steroseleerivity and fast 4. .0 .... 55
bioeua termination by recombination or H-abstraction. Recently. we
Proposed three appFroaches towards; dhe synthesis of wefi-defined polymers
by radical polymerization1I. T7hey ame based on the low stationtaty 2.0 le~ - -
concentrton of growing radicals and high concentraltion of chains caale
of growth. Some (most) of thes chains am, however. in fth imacvefrm
T'hus, growing radicals may react reversibly with scavenging radicals to 0 -T
form "dormant" species2, or With covalent organometallic compounds to 0 20 40 60 60 100
produce stabilized metail-centered radicals3. The third appuroach employs efelnS
participation of the growing radlicals. thde degenerative trnse incin. Figule 2 Mn-eonversiaa ineaece polymierization of stymine, in butk.1200C. at

A "living" radical polymeizaio mechanism wall neend proposed diffaecm rationofTElwPO
in the synthesis of poly(meth)acrytaees4 and also of low poydispersity
polystyrene by initiation with a system involving bensyl peroxide (DPO) Pblydispersities increase with conversion as shown in Fig. 3. The
and 2,2.6kaetramethylpiperidint-l-oxyl (TEMPO) invarbous molair atios t lowest values (M,,dMe 1.15 to 1.3) are observed at the highest amount of
tempe~ratures 125-140 OC 5.6. The unusual narrow polytiispersities were TEMPO (49.

atiuetothe fast iniaton by the nriec pocs in which phgityl radicals 1.35 - +
are formed by TEMPO-promoted decomposition of SPO. Growings-
polystyryl chains were proposed to be "reversibly* deactivated by 1.3- -. -... ..........
scavenging TEMPO radicals. thus, substantially reducing irreversible . ts ~
termination that prematurely stops chain growth. It was assumed that new
initiating radicals generated by thermal procse should have no effect on -.25
molecular weights and polydisperasies. However, at lemperananrs; above 100 -.

OC, "stryyl" radicals am continuously produced via thermall initiation----
Process. aslong as monomer is Present. 1.2 - ...........

In this paper we demonstrate that thermal polymerizato of styrene 0.
in the presence of TEMPO without any additional radical initiator (pr0ie .2
diazo compound) also produces polymers with narrow ummoleua Weight 1.15 -
distribution (Mw/Mn - 1. 15 to 1.3) and that molecular weights increase
linecarly with conversion. Var~ous inhibitors havesimilar effecuts onitrosides ~I : : i
but act less efficiently.
Results and Discussion 0ovnuo 20 4 %0 6 0

F%=un3 Mw/Murcon muin plots. dinhrmal polymrizatison of stymie. 1200C. in bulk.
Fig. I presents time-conversion plots in semilogarithmic coordinates in adlat .u(U
thermal bul Polymerization of styrene at 120 CC- at different concentrations Temperature has a pronounced effect, on polymerization rates, at the
Of TEMPO. same concentrations of TEMPO, (Fig. 4). At higher temperatures (1400 C)

the highest rate wese noticed, but the lowest moolecular weights [Fig. 5.
(0)]. and the lowest polydispersities [Fig. 6, (WIJ.
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at ddtctcma conacuiauns of TENTO Figure 4 Tamne-conversioa Plots en sciniogeruhdrric coordinates la thanual Polymenriation
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The control of molecular weights and decrease of polydispersies
was up oo nlow attributed oo the reversible homolyuc cleavage of the dormant
species P-R (eq. 1):

s~~oi.- 0 - ~- ~ + *o*0 (1)

5.0 10 4cC, &I 18 U

However, it is also possible that radicals formed continuously during
C4.0 le0- thermal initiation may react in the transfer processes with polymeric

S tss~ si re c alkoxyamines. In this thermodynamically neutral p nrocss newly geneatred
3.0 lop 7 7,--- - radicals will react with alkoxyamines (dormaat species), reforming radicals

0 * of the same smicrore as growing radicals and alkoxyamines also of the same
2.0 161- ~ structure. If the exchange process (degenerative transfer) (eq. 2) is fast

~ *~<* .~enough and the ratio of terminated chains to the total number of chains is

0- N*O ) + P, P.* + (2

0 20 40 60 80 100OO1
ceps"110e, %

Figure 5 Mn-COnverson plot in therma Potymeuisation of styrene at different
ierriperator Conclusions

Thermal polymerization of styrene in the presence of several radical
1.6 ~ -scavengers and inhibitors was investigated. Rates, molecular weights and

, . Ipolydispersities depend on the nature: of the scavenger, on its concentration
¶5 ~ 'in"~ ~and reaction temperature. In the best contiolled systm, molecular weights

up to Ma-l0,00 and polydispersitics Mw/Ma-1i2 were observed. It is
- .~~ :~proposed that in addition to the reversible activation by the homolytic

1.4 - cleavage of the "dormant" [P-R] species, degenerative chain transfer
I reActions may be involved.
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Radical Mn1 Mw/Mn Conversion %
196.000 2.62 87

TLIP 4,240 1.26 so
4-OH-TEMPO 3,915 1.27 62
4-ox-TEMPO 6,830 1.38 74
2.2.3.4,5.5-Hexamiethyl-3- 4.367 1.31 78
irntidazolfintiuans-lI-yloxy miethyl
sulfate
DPPH 3,444 1.76 36 ______________

Galvinoxyl 43,157 1.5 57
Classic inhibitors based on the quinone or phenol structuries have Aedlesii@n Far

much smaller effects but also lead to lower molecular weights and lower I
polvdispersities than in the uninhibited process. (Tab. 2). fl' GA&

Table 2 Thermal polymerization of styrene in the presence of DI A
Inhibitors, 1200 C, 22 hours M rone

Inhibitor Mn Mw/Mn Conversion,% Justification
Hydroquinone 61,006 1.7 74
2.6-di-r-butyl-4-mthylphenol 110,981 2.07 70
Benzoquinone 48.935 1.8 75


